PURPOSE Hypertension is the most common diagnosis in ambulatory care, yet little evidence exists regarding recommended screening intervals or the sensitivity and specifi city of a routine offi ce-based blood pressure measurement, the most common screening test. Screening for hypertension is usually performed by measuring blood pressure at every outpatient visit, which often results in transiently elevated fi ndings among adults who do not have a diagnosis of hypertension. We hypothesize that a more limited annual screening strategy may increase specifi city while maintaining sensitivity.
INTRODUCTION
H ypertension is the most common diagnosis for which patients seek ambulatory care in the United States, representing more than 42 million visits in 2007 . 1 Yet there is little evidence to recommend a screening interval 2 or to defi ne the sensitivity and specifi city of the most common screening test, a routine offi ce-based blood pressure measurement performed by manual sphygmomanometry. There is universal agreement among major national primary care organizations, including The Joint National Committee on Prevention, Detection and Treatment of Hypertension (JNC-7), the United States Preventative Service Task Force (USPSTF), the American Academy of Family Physicians, and the American College of Physicians on the utility of screening for hypertension. [2] [3] [4] JNC-7 recommends a 2-year screening interval for normotensive individuals (systolic blood pressure less than 120 mm Hg and diastolic blood pressure less than 80 mm Hg) and a 1-year interval for individuals with prehypertension (systolic blood pressure of 120-139 mm Hg or diastolic blood pressure of 80-89 mm Hg), but it does not cite any references for these recommendations. 3 The USPSTF mentions the JNC-7 recommendations regarding screening intervals but states, "the optimal interval for screening adults for hypertension is not known." 2 Throughout the country, many primary care clinics routinely screen for hypertension by checking blood pressures at every clinic encounter regardless of the patient's chief complaint, previous blood pressures, or the interval since the last blood pressure was obtained. Even so, an estimated 30% of individuals with hypertension are unaware they have the disease. 3 According to JNC-7, a diagnosis of hypertension requires "the average of 2 or more properly measured, seated, blood pressure readings on each of 2 or more offi ce visits." 3 It is well known that clinic blood pressures tend to be higher than ambulatory blood pressures, the so-called white coat effect. [5] [6] [7] [8] In addition, clinic blood pressures are often not taken according to JNC-7 specifi cations, leading to inaccurate and often elevated results. 9, 10 These factors, plus patient factors of acute pain, illness, or anxiety, make interpreting clinic blood pressure values as a screening test for hypertension diffi cult.
With Americans making an average 3.2 medical offi ce visits per year and the majority of these occurring in primary care, 1, 12 there is ample opportunity to design a better, more limited screening strategy for hypertension that meets JNC-7's recommendations. 3 This pilot study compares the current clinical practice of screening for hypertension by checking every patient's blood pressure at every visit vs a more limited strategy that screens for hypertension annually.
METHODS
We compared 2 screening strategies for low-risk patients. The fi rst strategy is the usual clinical practice of measuring a patient's blood pressure at every visit. Because we hypothesized that a limited annual screening strategy would increase specifi city while maintaining sensitivity, we simulated a second strategy by considering blood pressures obtained only at general medical examination visits and any other visit when it had been more than 1 year since the last blood pressure measurement was obtained ( Figure 1) .
To compare the screening strategies, we conducted a retrospective study for the 5 years preceding August 1, 2010. Subjects were family medicine patients at Mayo Clinic Rochester who were aged 18 to 75 years at the start of the study period, were not pregnant, remained active patients for the entire 5 years, and had at least 1 offi ce blood pressure recorded during the study period. We excluded patients with type 1 or 2 diabetes, coronary artery disease, or stage 3 or 4 chronic kidney disease because of the differing standards for treatment of blood pressure in these individuals. Additionally, because of the effect on blood pressure, we excluded patients taking any antihypertensive medications for migraine prophylaxis, peripheral edema, or other reasons at any point during the study period before a diagnosis of hypertension. All patients had signed a research authorization allowing retrospective review of their electronic medical record.
The study was reviewed and approved by our Institutional Review Board.
We used an administrative database containing International Classifi cation of Disease (ICD-9) billing codes for the past 16 years to construct pools of patients with hypertension diagnosed during the study period and patients who did not have hypertension based on the inclusion and exclusion criteria defi ned previously. We looked for patients never having an ICD-9 code 401.x (hypertension) before the start of the study and who were subsequently given an ICD-9 code 401.x during the study period, as well as patients who never had an ICD-9 code 401.x.
We randomly selected 236 patients who received a diagnosis of hypertension during the study period and 500 normotensive patients using the SAS procedure survey select (SAS 9.2 , SAS Institute Inc). We screened for antihypertensive medication use with a computerized text-matching algorithm, and the investigators conducted a manual chart review of all patients.
We entered data from all study patients regarding blood pressure values at various outpatient visits, medications, and demographics into a relational database (PostgreSQL 8.3, PostSQL Global Development Group, running on Mac OS 10.7.3). The great majority of blood pressure measurements were obtained by a licensed practical nurse using a calibrated aneroid device.
Statistical analysis was carried out using R 2. with no hypertension were compared using Fisher's exact test for categorical data and t tests for numerical data. P values of less than .05 were considered signifi cant. Sensitivity and specifi city, including 95% confi dence intervals, were calculated for each screening strategy using the patient as the unit of analysis. Any blood pressure of 140 mm Hg systolic or 90 mm Hg diastolic or greater was considered a positive screening test. A physician's diagnosis of hypertension was considered the reference standard for positive disease. Assuming a sensitivity of 95% and a specifi city of 75%, with desired 95% confi dence intervals of 5%, it was estimated 73 patients with diagnosed hypertension and 288 patients without hypertension would be needed.
RESULTS
As is typical for administrative or billing databases, 13, 14 there were substantial differences from the actual clinical notes among the 236 potential patients with hypertension diagnosed during the study period and the 500 potential patients without hypertension. For instance, 43 patients in the hypertension group had a diagnosis of elevated blood pressure without hypertension that was mistakenly coded as ICD-9 code 401.x; 34 patients never had a diagnosis of hypertension but mistakenly were given an ICD-9 401.x billing code, often during a procedure or hospitalization; and 12 patients in the hypertension group and 4 patients in the group with no hypertension were found to have a clinical diagnosis of hypertension before the start of the study that was not recorded as a ICD-9 401.x billing code in the administrative database (Figure 2) . After elimination of the miscoded patients, we analyzed data from 68 patients with hypertension diagnosed during the 5-year study period and 372 patients with no hypertension during the same period. These 440 patients had 4,287 blood pressures recorded. Sex and smoking status did not differ between those with hypertension and those with no hypertension. The number of visits per patient per year was also similar, with the patients with hypertension averaging 2.5 (SD = 2.8) visits per year and the patients with no hypertension averaging 1.9 (SD = 1.3) visits per year (P = .096). Patients with hypertension were older than patients with no hypertension (47.6 years, SD = 10.4 years vs 41.2 years, SD = 12.7 years, respectively; P <.001) and heavier (body mass index 33.6 kg/m 2 , SD = 6.8 vs 28.6 kg/m 2 , SD = 8.7 kg/m 2 , respectively; P <.001). As expected, average blood pressures were higher in the patients with hypertension than the patients with no hypertension. Table 1 summarizes these results.
The screening strategy of checking blood pressures at every visit identifi ed all 68 patients with hypertension diagnosed during the study period who had at least 1 positive screening blood pressure higher than 140/90 mm Hg, consistent with the criteria for diagnosis. There were, however, 110 (29.6%) patients in the group with no hypertension who were found to have at least 1 blood pressure measurement higher than 140/90 mm Hg 
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DISCUSSION
Hypertension screening is an important part of preventive health care delivered by primary care physicians. It is essential to understand the implications of a screening test's characteristics to interpret results and design a screening strategy effectively. This initial pilot study proposes an annual screening strategy for hypertension using the most common screening test, the offi ce-based manual blood pressure measurement, which improves specifi city while maintaining sensitivity.
Sensitivity
An objective of any screening strategy is to classify correctly those individuals with hypertension. Sensitivity describes a test's ability to classify correctly those with disease (Table 3) . With a highly sensitive test, the falsenegative or type 2 error rate is negligible. Thus, a negative result tends to rule out the possibility of disease. 15 As expected, the baseline practice of checking blood pressure at every visit yielded 100% sensitivity. The proposed annual screening strategy failed to identify 7.4% of newly hypertensive patients as quickly as the baseline strategy. This difference was not significant, as the 95% confi dence intervals overlapped. Given the slowly progressive nature of morbidity resulting from hypertension, 16 whether this delay in diagnosis is clinically relevant is debatable. In this study, we could not consider visits that occurred after a diagnosis of hypertension was made, as treatment would affect these blood pressure values. Thus it was impossible to ascertain whether and when these patients would have had hypertension diagnosed using the proposed annual screening strategy. Considering that hypertensive patients had an average of 2.5 visits per year, the delay is unlikely to be more than a few months.
Specifi city
Specifi city describes a test's ability to correctly classify those without disease (Table 3 ). With a highly specifi c test the false-positive or type I error rate is minimal. A positive result therefore rules in a disease. 15 If large numbers of disease-free individuals are screened repeatedly, then even highly specifi c tests can generate unwieldy numbers of false-positive results, for which patients must undergo further testing.
This study found that the baseline practice of screening for hypertension by checking blood pressures at every offi ce visit has a poor sensitivity of 70.4%. During the 5-year study period, 29.6% of adults who never had hypertension diagnosed had at least 1 elevated blood pressure reading. These elevated readings can lead to follow-up visits, laboratory testing, and patient anxiety, or as in "The Shepherd's Boy and the Wolf," 11 they can lull the physician into a sense of complacency, delaying the diagnosis of actual hypertension.
One way to compensate for a screening test's poor specifi city is to target a limited population for screening; however, JNC-7 recommendations clearly indicate the need to screen all adults for hypertension. 3 In slowly progressive diseases, another way to compensate for poor specifi city is to reduce the frequency of screening. 17 Obviously, clinical considerations come into play as the screening needs to occur frequently enough to detect the disease in its earliest stages, when it is easily treated and before morbidity develops. Mild to moderate hypertension is a slowly progressive chronic disease that causes complications and target organ damage over the course of years. 16 Given a test with high sensitivity but poor specifi city, such as offi ce blood pressure screening, performing it too frequently increases false-positive results but does not improve disease detection.
Less frequent screening is the tactic applied by our proposed annual screening strategy. It reduced the number of screenings performed by 60.7%. The reduced frequency of screening produced a signifi cant decrease in the false-positive rate from 29.6% to 18.0% of nonhypertensive adult patients over a 5-year period.
Applied to the roughly 2,000 healthy adults cared for by a typical family physician, it results in 232 fewer patients needing further workup over 5 years.
Reducing the number of unnecessary blood pressures screenings in healthy adults provides benefi ts in addition to improving the false-positive rate. It can increase clinic effi ciency, reduce clerical burdens, and focus attention on accurately obtaining screening blood pressure measurements. JNC-7 specifi es that an accurate blood pressure measurement should be the mean of 2 auscultatory readings taken with an appropriately sized cuff with the patients' feet on the fl oor and arm supported at heart height after being seated quietly in a chair for 5 minutes. 3 In the typical busy family medicine clinic with 15-minute appointments, there is no time for this method for every patient at every visit. 6, 18 Instead, patients are all too often rushed down the hallway from a waiting room, and a blood pressure is immediately measured. Reducing the frequency of screening blood pressures may allow clinical staff time to measure blood pressures more accurately. For instance, oscillometric devices, such as the BpTRU (BpTRU Medical Devices), that take multiple readings over several minutes may be used.
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Limitations
Identifying patients with newly diagnosed hypertension by ICD-9 codes proved problematic. Manual chart review revealed substantial inaccuracies leading to fewer patients than originally forecast, which limited the study's ability to detect differences in sensitivity between the 2 methods. The fewer patients did not affect the study's primary aim of detecting differences in specifi city, however.
Determining a group of patients with no hypertension was also problematic. This study used a 5-year time frame to look for the development of hypertension, and thus we do not know what happens in the future to patients who did not have hypertension diagnosed but who had elevated blood pressures. Do they go on later in life to develop hypertension? Additionally, we did not design our study to examine the effect that our proposed screening strategy might have on morbidity from hypertension. Further studies with longer time frames and other endpoints are required to answer these questions.
The proposed annual screening for hypertension (in line with selection criteria for blood pressure measurements in this analysis) would entail measuring blood pressure for each patient at all preventive care visits or if it had been at least 1 year since the last blood pressure measurement. This simplistic approach makes the algorithm easy to understand and implement, but it may overlook other important clinical factors.
Age and body mass index are well-established risk factors for hypertension, 20, 21 and the observed differences between patients with diagnosed hypertension and patients with no hypertension are not surprising. Such differences did not affect our sensitivity and specifi city analysis.
The choice of a physician diagnosis of hypertension as the reference standard for disease may underestimate its prevalence in the study population.
3 JNC-7 provides a defi nition for hypertension as "the average of 2 or more properly measured, seated blood pressure readings on each of 2 or more offi ce visits." 3 Unfortunately, very few routinely obtained, offi ce-based blood pressure measurements meet the requirements of this defi nition. 9, 10 Thus using the JNC-7 defi nition as the reference standard for hypertension in this study was impractical, as there was no guarantee that the retrospectively obtained blood pressures met the rigorous requirements. Although a limitation, it is not necessarily a weakness, because the purpose of this study was to investigate the screening utility of routinely obtained typical offi cebased blood pressure measurements, which do not always meet the strict JNC-7 requirements.
Finally, there is a distinction between obtaining a blood pressure reading for hypertension screening purposes and obtaining a blood pressure reading because it is clinically relevant. There are many clinical scenarios, such as chest pain, palpitations, lightheadedness, and severe infections, where obtaining a blood pressure measurement is necessary to guide diagnosis and treatment decisions, but the purpose is not to screen for hypertension. This study does not suggest that these blood pressures should not be obtained; only that they should be interpreted cautiously when diagnosing hypertension. Key words: hypertension; blood pressure; blood pressure determination; preventive health services; sensitivity and specifi city; mass screening 
